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(54) Gas turbine shroud segment 

(57) A gas turbine shroud segment (1 ) has an outer 
surface (1b) with radial (10b) and axial (10a) reinforcing 
ribs (1 0), forming a waffle grid where the axial ribs (1 0a) 



are higher than the radial ribs (10b) to reduce heat de- 
formation of the shroud segment (1 ) which can i nfluence 
tip clearance. 
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Description 

FIELD OF THE INVENTION 

[O001J The present Invention relates to a gas turbine 5 
split ring and. More specifically, this invention relates to 
a split ring which appropriately secures an Interval (chip 
clearance) with respect to a tip end of a moving blade 
in the operating state of a gas turbine (under high tem- 
peratures). 10 

BACKGROUND OF THE INVENTION 

[0002] Fig. 1 0 shows a general section view showing 
a front stage part in a gas passage part of a gas turbine. 
In the drawing, to an attachment flange 31 of a combus- 
tor 30, an outer shroud 33 and an inner shroud 34 which 
fix each end of a first stage stationary blade (to) 32 are 
attached, and the first stage stationary blade 32 is cir- 
cumferentially arranged in plural about the axis of the 
turbine and fixed to the cabin on the stationary side. 
[0003] On the downstream side of the first stage sta- 
tionary blade 32, a first stage moving blade (1s) 35 is 
arranged in plural, and tho first stage moving btado 35 
is fixed to a platform 36, the platform 36 being fixed to 
the periphery of a rotor disc so that the first stage moving 
blade 35 rotates together with the rotor. Furthermore, in 
the periphery to which the tip end of the first stage mov- 
ing blade 35 neighbors, a split ring 42 of circular ring 
shape having a plural split number is attached and fixed 
to the side cabin side. 

[0004] On the downstream side of the first stage mov- 
ing blade 35, a second stage stationary blade (2c) 37 of 
which each side is fixed to an outer shroud 38 and an 
inner shroud 39 is circumferentlally attached in plural to 
the stationary side in the same manneras the first stage 
stationary blade 32. Furthermore, on the downstream 
side of the second stationary stage 37, a second stage 
moving blade (2s) 40 is attached to the rotor disc via a 
platform 41 , and in the periphery to which the tip end of 
the second stage moving blade 40 neighbors, a split ring 
43 of circular ring shape having a plural split number is 
attached. 

[0005] The gas turbine having such a blade arrange- 
ment is configured by, for example, four stages, wherein 
high temperature gas 50 obtained by combustion in the 
combustor 30 enters from the first stage stationary blade 
32, expands wh8e flowing between each blade of the 
second to fourth stages, supplies rotation power to the 
rotor by rotating each of the moving blades 35, 40 or the 
like, and then be discharged outside. 
[0006] Fig. 11 is a detailed section vlow of tho spirt 
ring 42 to which the tip end of the first stage moving 
blade 35 neighbors, tn this drawing, a number of cooling 
ports 61 are provided in en impingement plate 60 so as 
to penetrate through it, and this impingement plate 60 
is attached to a heat shielding ring 65. 
[0007] Also the split ring 42 Is attached to the heat 



shielding ring 65 by means of cabin attachment flanges 
formed on both the upstream and downstream sides of 
main flow gas 80 which is the high temperature gas 50. 
Inside the split ring 42, a plurality of cooling passages 
64 thorough which the cooling air passes are pierced in 
the flow direction of the main flow gas 80, and one open- 
ing 63 of the cooling passage 64 opens to the outer pe- 
ripheral surface on the upstream side of the split ring 42, 
while other opening opens to the end surface on the 
downstream side. 

[0008] In the above-mentioned configuration, cooling 
air 70 extracted from a compressor or supplied from an 
external cooling air supply source flows into a cavity 62 
via the cooling port 61 of the impingement plate 60, and 
the cooling air 70 having flown into the cavity 62 comes 
into collision with the split ring 42 to forcefully coois the 
split ring 42, and then the cooling air 70 Hows into the 
cooling passage 64 via the opening 63 of the cavity 62 
to further cool the split ring 42 from inside, and is finally 
discharged into the main flow gas 80 via the opening of 
the downstream side. 

[0009] Fig. 12 is a perspective view of the above-de- 
scribed split ring 42. As shown in the drawing, the split 
ring 42 is composed of a plurality of split structure seg- 
ments divided in the circumferential direction about the 
axis of the turbine, and a plurality of these split structure 
segments are connected in the circumferential direction 
to form the split ring 42 having a circular ring shape as 
a whole. On the outside (upper side in the drawing) of 
the split ring 42 is provided the impingement plate 60 
which forms the cavity 62 together with the recess por- 
tion of the split ring 42. 

[0010] The impingement plate 60 is formed with a 
number of cooling ports 61 , and the cooling air 70 flows 
Into the cavity 62 via the cooling ports 61 , comes into 
collision with the outer peripheral surface of the split ring 
42, cools the split ring 42 from outer peripheral surface, 
flows Into the cooling passage 64 via the opening 63, 
flows through the cooling passage 64. and is discharged 
into the main flow gas 80 from the end surface, whereby 
the cooling air 70 cools the split ring from inside in the 
course of passing through the cooling passage 64. 
[0011] As described above, the split ring of the gas 
turbine is cooled by the cooting air, however, in the op- 
erating state of the gas turbine, since the surface of the 
split ring is exposed to the main flow gas 80 of extremely 
high temperature, the split ring will heat expand in both 
the circumferential and the axial direction. 
[0012] The interval between the tip end of the moving 
blade of the gas turbine and the Inner peripheral surface 
of the split ring becomes small under high temperatures 
or under tho operating state duo to tho influonco of cen- 
trifugal force and heat expansion in comparison wtth the 
situation under low temperatures or under the unoper- 
ating state, and it is usual to determine e design value 
and a management value of the tip clearance In consid- 
eration of the amount of change of this Interval, tn prac- 
tice, however, the inner penpheral surface of the split 
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ring often deforms into a shape which is not a shape that 
forms a part of the cylindrical surface because of a tem- 
perature difference between the inner peripheral side 
and the outer peripheral side of the split ring, so that 
there is a possibility that the rotating moving blade and 
the split ring at rest interfere with each other to cause 
damages of both members. 

[0013] In view of the above situation, the applicant of 
the present invention has proposed a split ring in which 
for the purpose of suppressing the heat deformation un- 
der high temperatures, on the outer peripheral surface 
between two cabin attachment flanges in the split struc- 
ture segments constituting the split ring, a circumferen- 
tial rib extending in the circumferential direction and an 
axial rib extending in the direction parallel to the axis of 
the circular ring shape are formed in plural lines to pro- 
vide a rib in the shape of a waffle grid as a whole (Jap- 
anese Patent Application No. 2000-62492). According 
to this invention, the rib in the form of a waffle grid sup- 
presses the heat deformation, making it possible to se- 
cure an appropriate tip clearance. 
[001 4] However, even by the above proposition of the 
present applicant, that Is, by formation of the rib In the 
form of a waffle grid, ft is imposstolo to suppress tho boat 
deformation of the split ring satisfactorily. 

SUMMARY OF THE INVENTION ' 

[001 5] tt is an object of the invention to provide a split 
ring which makes it possible to secure a tip clearance 
with respect to a tip end of a moving blade in the oper- 
ating state of a gas turbine (under high temperatures). 
i0016] The gas turbine split ring according to one as- 
pect of the present invention is a gas turbine split ring 
which is provided on a peripheral surface in a cabin at 
a predetermined distance with respect to a tip end of a 
moving blade, the split ring being made up of a plurality 
of split structure segments that are connected in the cir- 
cumferential direction to form the split ring of a circular 
ring shape, each split structure segment having cabin 
attachment flanges extending in the circumferential di- 
rection on both ol the upstream and downstream sides 
of high temperature gas. On an outer peripheral surface 
between two cabin attachment flanges of the split struc- 
ture segment, a circumferential rib which extends In the 
circumferential direction and an axial rib which extends 
in the direction parallel to the axis of the circular ring 
shape and has a height taller than the circumferential 
rib are formed in plural fines. That is, in this gas turbine 
split ring, the axial rib is formed to be higher than the 
circumferential rib in the waffle grid rib formed on the 
outer peripheral eurfaco of tho gas turbino split ring. 
[0017] The height of the axial rib is designed to be 
larger than that of the circumferential rib as described 
above on the basis of the findings by means of simula- 
tion made by the Inventors of the present application that 
heat deformation In the axial direction contributes to re- 
duction of the tip clearance more largely than heat de- 
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formation in the circumferential olrectton. Also from the 
view point of not preventing the cooling air supplied via 
the cooling ports of the impingement plate from flowing 
into the openings of the cooling passages formed on the 

5 outer peripheral surface of the split ring, the height of 
the circumferential rib is suppressed. 
[0018] That te, the split ring is formed by connecting 
a plurality of split structure segments in the circumfer- 
ential direction as described above, and since a ciear- 

10 ance is formed at the connecting portion in expectation 
of heat expansion under high temperatures, heat defor- 
mation can be absorbed more or less at this clearance 
part, while on the other hand, as for the axial direction, 
since two cabin attachment flanges are attached to the 

is cabin without leaving a clearance, heat deformation 
cannot be absorbed, and the peripheral wall part be- 
tween two cabin attachment flanges protrudes to the 
moving blade side to reduce the tip clearance. 
[0019] In view of ihe above, according to the gas lur- 

20 bine split ring of the present invention, by forming the 
axial rib to be higher than the circumferential rib in the 
waffle grid rib formed on the outer peripheral surface of 
the split ring, the section modulus In the axial direction 
is made smaller than that of the conventional case, and 

25 the amount of heat deformation in the axial direction 
which contributes to the change of the tip clearance 
more largely than heat deformation in the circumferen- 
tial direction, with the result that H Is possible to suppress 
the change of the tip clearance due to a temperature 

30 difference compared to the conventional case. 

[0020] The gas turbine split ring according to an an- 
other aspect of the present Invention is a gas turbine 
split ring which is provided on a peripheral surface in a 
cabin at a predetermined distance with respect to a tip 

55 end of a moving blade, the split ring being made up of 
a plurality of split structure segments that are connected 
in the circumferential direction to form the split ring of a 
circular ring shape, each split structure segment having 
cabin attachment flanges extending in the circumferen- 
ce tial direction on both of the upstream and downstream 
sides of high temperature gas. The split ring is formed 
to have a shape before heat deformation such that the 
inner peripheral surface of the split structure segment 
and the tip end of the moving blade has a predetermined 

*s interval in heat deformed condition In the operating state 
of the gas turbine. 

[0021] In the above-mentioned gas turbine split ring, 
the splft ring Is formed into a shape in expectation of 
heat deformation so that the tip clearance becomes a 
so predetermined clearance in the condition after heat de- 
formation regardless of presence/absence of the waffle 
grid rib. 

[0022] According to the gas turbine split ring, the 
shape of the split ring before heat deformation is formed 
55 in expectation of heat deformation regardless of pres- 
ence/absence of the waffle grid rib, with the result that 
it is poss&rte to control the tip clearance after heat de- 
formation more property. 
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[0023] Other objects and features of this invention will 
become apparent from the following description with ref- 
erence to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 5 

[0024] 

Fig. 1 A is a sectional view of a split ring according 
to a first embodiment of the present invention and 
Fig . 1 B is a view taken in the direction of the arrows 
A-A in Fig. 1 A; 

Fig. 2 is a perspective view of the sprit ring shown 
in Fig. 1A; 

Fig . 3 Is a view showing heat dot ormahon of the spl it 
ring; 

Fig. 4 A and Fig. 4B are views showing simulation 
results of heat deformation in the axial direction and 
the circumferential direction of the split ring (pari 1 ); 
Fig. 5A and Fig. 5B are views showing simulation 
results of heat deformation in the axial direction and 
the circumferential direction of the split ring (part 2); 
Fig. 6A and Fig. 6B are views showing simulation 
results of heat doformatlon in tho axlaf direction and 
the circumferential direction of the split ring (part 3); 
Fig, 7A and Fig. 7B are views showing simulation 
results of heat deformation In the axial direction and 
the circumferential direction of the split ring (part 4); 
Fig. 8 is a perspective view showing a gas turbine 
sptit ring according to a second embodiment of the 
present invention; 

Fig. 9 is a view showing the shape of the inner pe- 
ripheral surface of the split ring shown in Fig, 8; 
Fig. 1 0 is a genera] section view showing a gas pas- 
sage part of a gas turbine; 
Fig. 1 1 is a section view of a conventional split ring 
to which a first stage moving blade neighbors; 
Fig. 12 is a perspective view of the conventional 
split ring. 

DETAILED DESCRIPTION 

[0025] Embodiments of the gas turbine split ring ac- 
cording to the present invention wiO be concretely ex* 
plained with reference to the accompanying drawings. 
[0026] Fig. 1 A Is a sectional view of a spin ring accord- 
ing to a first embodiment, and Fig. 1 B is a view taken in 
the Erection of the arrows A-A in Fig. 1 A. In Fig. 1 , the 
split ring 1 shows one of a plurality of split structure seg- 
ments constituting a spfit ring of circular ring shape, the 
split ring 1 being attached to the heat shielding ring 84, 
having tho opening 63 in tho cavity 62, and being pro- 
vided with a number of cooling passages 64 opening to 
the end surface on the downstream of the main flow gas 
80 in the same manner as the conventional split struc- 
ture segment. Also the impingement plate 60 Is attached 
to the heat shielding ring 65 In the same manner as the 
conventional case. On both ends on the upstream and 



downstream sides of the split ring 1 , the cabin attach- 
ment flanges 4, 5 extending in the circumferential direc- 
tion are provided. 

[0027] On an outer peripheral surface 1b of the spfit 
ring 1 is formed a waffle grid rib 10 consisting of a cir- 
cumferential rib 10b extending in the circumferential di- 
rection and an axial rib 10a extending in the axial direc- 
tion. The height of the circumferential rib 10b is 3 mm, 
while the axial rib 10a Is formed to be 1 2 mm high and 
taller than the circumferential rib 10b. 
[0028] Fig. 2 is a perspective view of a single split ring 
1, and by connecting a plural number of split rings 1 
along the circumferential direction (shown in the draw* 
ing) so as to neighbor to the tip end of the moving blade 
while leaving an appropriate tip clearance C, the sptit 
ring 1 having a circular ring shape as a whole is formed. 
The number to be connected is determined In accord- 
ance with the size of the spilt rtng and the length of ar- 
rangement circle for achieving arrangement of one cir- 
cle of the circular ring (for example, about 40 segments). 
[0029] In the split ring 1 having the configuration as 
described above, the cooling air 70 extracted from a 
compressor as shown in Fig. 1 or supplied from an ex- 
ternal cooling air supply source flows into tho cavity 62 
via the number of cooling ports 61 formed in the im- 
pingement plate 60, comes into collision with the outer 
peripheral surface 1b of the splft ring 1 to implnge-cool 
the spfit ring 1 , and flows Into the cooling passage 64 
via the opening 63, flows through the cooling passage 
64 while cooling the interior of the split ring 1, and is 
finally discharged into the main flow gas 80 via the open- 
ing of the downstream side. 

[0030] As described above, though the split ring 1 is 
cooled by the cooling air 70, the conventional split ring 
1 heat deforms because of a temperature difference be- 
tween the inner peripheral surface 1a which is directly 
exposed to the main flow gas B0 which Is high temper- 
ature burned gas and the outer peripheral surface 1b 
which does not contact with the main flow gas 80, and 
the tip clearance C with respect to the tip end of the mov- 
ing blade 35 becomes small as indicated by the broken 
line in Fig. 3, so that the desired tip clearance C is no 
longer secured and there arises a possibility that the ro- 
tating moving blade 35 and the inner peripheral surface 
1a at rest of the spin ring 1 interfere with each other and 
both members get damaged. 

[0031] However, according to the spfit ring 1 of the first 
embodiment, owing to the waffle grid rib 10 formed on 
the outer peripheral surface 1 b, heat deformation in the 
circumferential direction and In the axial direction is sup- 
pressed, so that reduction of the above-mentioned tip 
clearance C is also suppressed, in addition, though the 
degree of contribution to reduction in the tip clearance 
C Is larger in the axial deformation than in the circum- 
ferential deformation, in the spilt ring 1 which is the first 
embodiment of the invention, the axial rib 10a is formed 
to be higher than the circumferential rib 1 0b In the waffle 
rigid rib 10, with the result that it is possible to further 
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suppress the heat deformation. 
[0032] Fig. 4A to Fig. 7B show comparison results in 
which heat deformed conditions of the spill ring under 
high temperatures are determined by simulation. Each 
of Fig. 4A, Fig. 5A, Fig. 6A r and Fig, 7A shows a radial 
displacement along the axial direction at each point A t 
B, C in the circumferential direction of Fig. 2, and each 
of Fig. 4B, Fig. 5B, Fig. 6B, and Fig. 7B shows a radial 
displacement along the circumferential direction at each 
point LE (Leading Edge), MID (middle), TE (Trailing 
Edge) in the axial direction of Fig. 2. Moreover, Fig. 4A 
and Fig. 4B show the result for the conventional split 
ring not having a waffle grid rib, Fig. 5Aand Fig. 5B show 
the result forthesplltring havinga waffle grid rib of which 
axial rrb and the circumferential rib are 3 mm high (width 
of 2 mm and pitch of 20 mm for the axial rib), and Fig. 
6A to Fig. 7Bshow the results for the split ring according 
to the first embodiment having a waffle grid rib of which 
circumferential rib is 3 mm high and axial rib is 12 mm 
high (width of 2 mm and pitch of 20 mm for the axial rib), 
and Fig. 4A to Fig. 6B show the results at the maximum 
metal temperature of 880 °C and Fig. 7A and Rg. 7B 
show the result et the maximum metal temperature of 
1020 °C. 

[0033] As is evident from these drawings, under the 
same metal temperature, as forthesplltring 1 according 
to the first embodiment shown in Fig. 6A and Fig. 6B, 
the amount of displacement is reduced both in the axial 
direction and in the circumferential direction In compar- 
ison with the split ring not having a waffle grid rib or the 
split ring having a waffle grid rib of which ribs In the axial 
direction and the circumferential direction are 3 mm 
high, and It was also proved that the distribution range 
of the amount of displacement along the circumferential 
direction at each of the points LE, MID, TE and the dis- 
tribution range of the amount of displacement along the 
axial direction at each of the points A, B, C are reduced. 
[0034] Also as for the split ring 1 according to the first 
embodiment under the maximum metal temperature of 
1 020 °C (Fig. 7A and Rg. 7B), it was confirmed thai the 
amount of displacement is smaller than those of the con- 
ventional split ring (Rg. 4A and Fig. 4B) and the spilt 
ring having a waffle grid rib having the same height in 
the axial direction and the circumferential direction (Rg. 
5A and Fig. 5B) under the maximum metal temperature 
of 888 <>C. 

[0035] As described above, according to the gas tur- 
bine split ring 1 of the first embodiment, the amount of 
heat deformation in the axial direction which largely con- 
tributes to the change in the tip clearance C is predom- 
inantly made smaller than that of the conventional case, 
so that it is possible to efficiently suppress tho change 
of tip clearance C due to the temperature difference. 
[0036] Fig. 8 shows the split ring 1 according to a sec- 
ond embodiment. The split ring 1 is such that, in the con- 
ventional sprit ring not having a waffle grid rib, the Inner 
peripheral surface 1 a opposing to the tip end of the mov- 
ing blade 35 is formed into a recess shape with respect 



to the moving blade 35 under normal temperatures (low 
temperatures at the time of unoperating state of the gas 
turbine). 

[0037] As shown in Rg. 9 in detail, this recess shape 

5 is a shape under normal temperatures (denoted by the 
solid bold line in Fig. 9) that is designed in expectation 
of heat deformation so that the tip clearance C between 
the tip end of the moving blade 35 and the substantially 
center part in the axial direction of the inner peripheral 

io surface 1a becomes a desired value after heat defor- 
mation (denoted by the double dotted line in Fig. 9) in 
the operating state of the gas turbine (under high tem- 
peratures), and is a shape such that the distance with 
respect to the moving blade 35 under normal tempera- 

is tures decreases with distance from the substantially 
center part of the inner peripheral surface 1a to both of 
the upstream and downstream sides. 
[0038] As explained with regard to Fig. 3, in the con- 
ventional split ring, heat deformation occurs so that ft 

so protrudes to the tip end side of the moving blade 35 un- 
der high temperatures because of operation of the gas 
turbine, and hence the tip clearance C at the substan- 
tially center part In the axial direction of the inner periph- 
eral surface 1a becomes insufficient, howovor, accord- 

25 ing to the split ring 1 of the second embodiment, the tip 
clearance C becomes a desired optimum value after 
heat deformation and such shortage will not occur. 
[0039] The split ring 1 of the second embodiment is 
formed into a recess shape in its entirety, however, since 

so the essential feature is that at least the tip clearance C 
between the inner peripheral surface 1a and the tip end 
of the moving blade 35 becomes a desired value after 
heat deformation , only the inner peripheral surface 1a 
is formed into a recess shape instead of forming the en- 

^5 tire split ring 1 into a shape that is bend in recess shape. 
Furthermore, various shapes such as parabola and part 
of a circle are applicable for the contour shape of the 
cross section by the surface containing the rotation axis 
of the turbine in the inner peripheral surface 1 a. 

40 [0040] Furthermore, the second embodiment may al- 
so be applied to the split ring 1 having the above-de- 
scribed waffle grid rib 10 which is the first embodiment. 
[0041] As described above, according to the gas tur- 
bine split ring of one aspect of the present invention, in 

49 the waffle grid rib formed on the outer peripheral sur- 
face, the axial rib Is formed to be higher than the circum- 
ferential rib so as to increase the section modulus in the 
axial direction and predominate ly decrease the amount 
of heat deformation in the axial direction which largely 

so contributes the change of the tip clearance compared to 
the amount of heat deformation in the circumferential 
direction, with tho result that it ts possible to efficiently 
suppress the change of the tip clearance due to a tem- 
perature difference. 

53 [0042] Moreover, the amount of heat deformation in 
the axial direction is reduced compared to the conven- 
tional case by forming the axial rib to be higher than the 
circumferential rib, whfle the shape of the split ring be- 
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fore heat deformation is formed in expectation of heat 
deformation which will nonetheless occur, with the result 
that it is possible to control the tip clearance after heat 
deformation more properly. 

[0043] According to the gas turbine split ring of anoth- 
er aspect of the present invention, the shape of the split 
ring before heat deformation is formed in expectation of 
heat deformation regardless of presence/absence of the 
waffle grid rib, with the result that it is possible to control 
the tip clearance after heat deformation more properly. 
[0044] Moreover, it Is possible to control the tip clear- 
ance after heat deformation property even for the sub- 
stantially center part in the axial direction of the inner 
peripheral surface of the split ring where heat deforma- 
tion is the maximum. 

[0045] Although the invention has been described 
with respect to a specific embodiment for a complete 
and clear disclosure, the appended claims are not to be 
thus limited but are Lo be construed as embodying all 
modifications and alternative constructions that may oc- 
cur to one skilled in the art which fairly fall within the 
basic teaching herein set forth. 



Claims 

1 . A gas turbine split ring which is provided on a pe- 
ripheral surface in a cabin at a predetermined dis- 
tance with respect to a tip end of a moving blade, 
the split ring being made up of a plurality of split 
structure segments that are connected in the cir- 
cumferential direction to form the spilt ring of a cir- 
cular ring shape, each split structure seo/nent hav- 
ing cabin attachment flanges extending in the cir- 
cumferential direction on both of the upstream and 
downstream sides of high temperature gas, 

wherein on an outer peripheral surface be- 
tween two cabin attachment flanges of the split 
structure segment, a circumferential rib which ex- 
tends in the circumferential direction and an axial 
ribs which extends in the direction parallel to the ax- 
is ol the circular ring shape and has a height taller 
than the circumferential ribs are formed in plural 
lines. 

2. The gas turbine split ring according to claim 1, 
wherein the spilt ring is formed to have a shape be- 
fore heat deformation such that the inner peripheral 
surface of the split structure segment and the tip 
end of the moving blade has a predetermined inter- 
val in heat deformed condition in the operating state 
of tho gas turbine. 
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inner peripheral surface to both of the upstream and 
downstream sides. 

A gas turbine split ring which is provided on a pe- 
ripheral surface in a cabin at a predetermined dis- 
tance with respect to a tip end of a moving blade, 
the split ring being made up of a plurality of split 
structure segments that are connected in the cir- 
cumferential direction to form the split ring of a cir- 
cular ring shape, each split structure segment hav- 
ing cabin attachment flanges extending in the cir- 
cumferential direction on both of the upstream end 
downstream sides of high temperature gas, 

wherein the split ring is formed to have a 
shape before heat deformation such that the inner 
peripheral surface ol the split structure segment 
and the tip end of the moving blade has a predeter- 
mined Interval in heat deformed condition in the op- 
erating state of the gas turbine. 

The gas turbine split ring according to claim 4, 
wherein the shape before heat deformation is such 
a shape that the interval between the inner periph- 
eral surface and the moving blade decreases with 
the distance from a substantially center part of the 
inner peripheral surface to both of the upstream and 
downstream sides. 
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3. The gas turbine spot ring according to claim 2, 
wherein the shape before heat deformation Is such 
a shape that the interval between the inner periph- 
eral surface and the moving blade decreases with 
the distance from a substantially center pan of the 
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FIG. 6A 

DISTRIBUTION OF AXIAL DISPLACEMENT 
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DISTRIBUTION OF CIRCUMFERENTIAL DISPLACEMENT 







2 1 

1.5- 
























1- 










— 


0.5- 







r — TE 


150 -1 


00 -i 


0- 

30 ( 

0.5- 


r 5 


o~-\r.!< 


10.-LE 15 


< 


^ 


j. 






; — 'MID 






1.5- 












2- 









CIRCUMFERENTIAL LENGTH (mm) 



PACE 82/80 • RCVO AT 7/1 7/2008 2:03:25 PM (Eastern Daylight Time] ■ SVR:USPTO-EFXRF-2/1 S • DNIS:2738300 ■ CSID:203 761 1024 • DURATION (mm-ss): 35-28 



07/17/2006 13:48 FAX 203 761 1924 



GE INFRASTRUCTURE 



12)063 



EP 1 225 305 A2 



e 

E 



2 
1 .5 
I 

1 0 
3-0.5 

CO . 

s - 1 
a 

9 -2 



FIG. 7A 

DISTRIBUTION OF AXIAL DISPLACEMENT 
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DISTRIBUTION OF CIRCUMFERENTIAL DISPLACEMENT 
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